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EXPERIENCE WITH THE PROGRESS AND
FINAL RECORD SAMPLING OF CONSTRUCTION MATERIALS

i By
Lyman R. Gillis#

I. Introduction

The record sampling program, which was initiated on a nation-
wide basis by the Bureau of Public Roads in May of 1960, has been
the subject of several articles since its inception. A comprehensive
discussion of the ramifications involved and the general approach to
the program by California and several other states was presented in
a paper by F. N. Hveem, former Materials and Research Engineer, in
December 1962 .%%

The purpose of this presentation is primarily to update the
material presented in the 1962 paper, particularly with respect to
quality and, to a certain extent, construction control of highway
materials. Particular emphasis will be placed upon the results of
the more recently instigated progress sampling and testing phase of
the record sampling program, which has been in operation for
slightly over two years. The approach of several other western
states to the progress record sampling program will also be out-
lined.

Tt would be appropriate to very briefly review the history of

California's involvement in the record sampling program. If it

¥Assistant State Highway Engineer, California Division of H%ghways
#%"California's Experience with the Record Sampling Program’,
F. N. Hveem, Presented at the 48th Annual AASHO Meeting, Miami,

Florida, December 4-7, 1962.
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were necessary to sum up the reasons for the existence of a State
Highway Materials and Research Department in two words, these two
words would, of necessity, be '"Quality Control".

In the years from the establishment of California's Laboratory
in 1912 until the end of World War II, most routine testing of a
control nature for going highway projects was carried out in the
Materials and Research Department Laboratory in Sacramento. This
was done in addition to the large amount of materials research and
development. With the establishment of laboratories in the eleven
highway districts, the Headquarters Laboratory oriented itself to a
greater degree toward (1) research and development of new highway
materials, testing methods and techniques, and (2) special investi-
gations to determine the cause of distress or failures. Testing
and sampling of a routine nature involving equipment or techniques
beyond the scope of the district materials laboratories still
represented 75% of the activities, however. Thus, as the Head-
quarters Laboratory became more heavily committed to research and
special investigations, its direct involvement in routine quality
tests on going highway construction projects diminished somewhat.

During the mid-1950's, as the result of several pavement
distress investigations, it was noted that some structural sections
were constructed to lesser thicknesses than planned and that some
of the material entering into the work did not fully comply with
specification requirements. At least one project, which had a
planned 6" cement treated base (CTB), was constructed to thick-

nesses as low as 3-3/4", with an average thickness of h-3/4™,
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Another project where 8" of CTB was planned, was found to have been
constructed to an average thickness of only 5".

As a result of these investigations, the Materials and Research
Departrent at the request of the Construction Department initiated a
statewide sampling program in the summer of 1959. During this first
summer, 34 cement treated base projects were cored throughout the
State. At about this time, a special highway investigating
committee of the House of Representatives, headed by Representative
John A. Blatnik of Minnesota, uncovered evidence of poor workman-
ship, notably in the States of Oklahoma, New Mexico, and Florida.
These discoveries prompted the Bureau of Public Roads to require
evidence of compliance with specifications on construction of all
federal aid highways. Instructional Memorandum 20-5-60 was issued,
describing the details of the so-called Record Sampling and
Testing Program., This program has been carried out on all newly
completed state highways and FAS projects in California by the
Materials and Research Department since May of 1960. The
California Division of Highways applies this final record program
to all highway projects, whether federally financed or not.

Tq briefly describe the final record sampling program, each
newly completed project is sampled by a Headquarters Materials
and Research Department coring crew at the rate of one sampling
per lane mile of roadway. Measurements are made of the thickness
of each planned layer and samples of the various materials are
obtained. The results are tabulated and transmitted to appropriate

Divisicn of Highways personnel and to the Bureau of Public Roads.
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Quality tests are also performed for research purposes. This program
has produced a sufficiently large volume of control data to clearly
identify certain interesting trends in quality and comstruction
control of highway materials. These data will be examined in some

detail in the following section.

II. Final Record Sampling Data

From the beginning of the Final Record Sampling Program until
October 1964, a total of 7,914 samplings, representing 6,758 lane
miles of new construction, have been made. A year-by-year tabu-
lation of the accumulated final record thickness data is shown by
Figures 1 through 7. Before we discuss the thickness data re-
sulting from this sampling, it would be appropriate to clarify the
terminology which is used to evaluate this material.

From the beginning of the program, it was obvious that some
tolerance had to be allowed in thickness measurements which would
reflect: variations in acceptable construction, random differences
in tesl: areas selected, and the human error involved in making the
thickness measurement. Consequently, a set of values for normal
variation in thickness was adopted and has been used by the
Materials and Research Department as a guide to judge the need for
additional sample locations to establish the extent of unusual
thickness variations. These values, shown by the table below,

are, in general, more liberal than those permitted by our Standard

Specifications.
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Normal Variations in Random Samples
for
Thickness of Base and Pavement Layers

80% of all test holes

to be within the None to
following tolerances Exceed
Minus Plus Minus
Aggregate Subbase -0.10"' - -0.20"'
Road Mix CTB ) -0.08' +0,12' -0.15"'
Lime Tireated Base
Bituminous Treated Base )
Aggregate Base -0.05" +0.08"' -0.10'
Plant Mixed CTB ~0.04" +0.06"' -0.08"
Road Mixed Bituminous Surface -0,03' +0.05"' -0.06"
Asphaltic Concrete Pavement -0.02' +0.04" -0.04"
Portland Cement Concrete Pavement -0.01" +0.03" -0.02!

Note: To be used only for judging adequacy of pavement thickness
as indicated by samples cut or cored at random locatioms.

It should be emphasized, however, that they are used only as a
guide for the samplers to determine the necessity of additional
check sampling, and are not to be considered any form of a speci-
fication thickness tolerance. Thus, a thickness deficiency in
aggregate base in excess of 0.10' would be considered more than
that which would be accumulated due to a local variation in the
grading plane and measurement error so that additional sampling

for check measurements would be required.
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In general, as shown by Figures 1 through 7, the 1963 data re-
flects a continuing yearly trend toward closer conformance to planned
thickness with a smaller percentage exceeding the normal variation.
The steady improvement in performance is particularly apparent from
the road mix CTB plot (Fig. 1), with 8% of the thicknesses deficient
by more than 0.15' in 1959 as opposed to 1% in 1963.

The data for AC pavement (Fig. 3) indicates that in 1963
8% of the thickness measurements exceeded the planned amount by
more than 0.04' normal variation as opposed to 29% in 1960. The
percentage of samples on the thin side of normal variation in-
creasecd from 1% in 1961 to 3% in 1963, indicating that the past
tendency of many resident engineers to place AC surfacing by weight
alone, with the intention of using all material allocated for the
project;, is diminishing.

The plot for slip form portland cement concrete paving
(Fig. &) placed in 1963 reveals a significantly improved per-
formance, with 19% exceeding the planned thickness by more than
the normal 0.03' variation as opposed to 30% in 1961.

This very encouraging trend toward improved construction
control can, perhaps, be best illustrated by a comparison of 1960
and 1963 thickness data with that resulting from the AASHO Road
Test, Figures 8 through 10.

There can be little argument that the degree of construction
control. exercised on the AASHO Road Test was uneconomical insofar
as normal construction practice is concerned. As a matter of

fact, i.t came as near as could be expected to eliminating all
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variances of construction except those inherent in the particular
equipment and procedure used for the work. However, it can serve
as a base line for comparison, beyond which it would not be

| practical to expect any improvement.

Quality control data resulting from the 4-year final record
sampling program is shown by Figures 11 and 12. R-value test re-
sults c¢learly demonstrate the problems associated with control of
local material sources, such as subbase, as compared to those from
commercial plants or produced under stringent processing
requirements, which is usually the case with aggregate base.

Aggregate base R-value data (Fig. 11) shows a slight but
significant yearly improvement, with 3.9% failing in 1960 as com-
pared to 0.5% in 1963. The aggregate subbase plot reflects very
significant improvements from 1960 to 1962, with 10.9% failing in
1960 as compared to 1.2% failing in 1962. 1In 1963, 2.0% of the
samples failed, which very possibly indicates that a point of
diminishing return has been attained for this material. The
aggregate base sand equivalent results (Fig. 12) reveal sub-
stantial year-by-year improvements from 1960 to 1962, with 23.9%
failing to meet the specification requirements in 1960 as com-
pared o 5.5% in 1962. Since a 1960 revision of the California
Division of Highways Standard Specifications includes no pro-
vision that would produce materially cleaner aggregate base, this
improvement can only be attributed to improved quality control
processing equipment and techniques. The 1963 data indicates a

leveling off, with 6% of the samples failing.
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The aforementioned construction and quality control data re-
veal beyond any reasonable doubt that the record sampling program
has stimulated a much greater interest and awareness of material
contrcl by construction personnel and contractors. It also re-
flects substantial progress in material processing and construction
control. This is indeed gratifying since it is a well-known fact
that sources of naturally suitable material are becoming

increasingly hard to find.

ITI, Progress Record Sampling Program

On January 26, 1962, the Bureau of Public Roads issued a
policy and procedure memorandum (20-6.2) outlining the requirements
for the progress record sampling program. The intent of this

"random samples" for "an independent

program was the taking of
spot check on the results shown by routine job control samples.’
Progress samples were to be ''taken from materials delivered but not
incorporated in the work and from construction work in progress."
Progress samples could be taken by central laboratory personnel
(which included district laboratory personmnel) or by project
personnel at locations indicated by and in the presence of either
central laboratory personnel or the Public Roads area engineer,
or both. The frequency of testing and tests to be performed were
not delineated in this memorandum.

In response to this document, the California Division of
Highways initiated the progress record sampling program for

California by designating certain district laboratory personnel

ClibPD
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as ''progress samplers."

Progress samplers were instructed to visit

. going projects with sufficient frequency so that the number of
progress samples would number approximately 10% of that taken for
project control. Except for this general guideline with regard to
frequency of sampling, no further specific instructions were issued
with respect to the location or frequency of progress sampling.
The reason for this was to maintain maximum flexibility of the
progress sampling program so that progress samplers could concen-
trate in those areas where their activities might produce maximum
benefits.

Because of certain variations in procedure, frequency, and
type of testing accomplished by the various highway districts,
however, it became apparent that a more systematic approach was
necessary. Accordingly, in November, 1963, a progress record
sampling schedule (Tables 1 through 6) was issued which clearly
delineated sampling frequency, location, and type of test to be
made for all materials subject to progress testing.

Frobably one of the more important aspects of the progress
sampling program was the fact that it placed a check on specifi-
catior. requirements at a time when it was still practical to take
corrective action without removing excessive quantities of com-
pleted work. The reliance on final record samples for quality
testirg is unrealistic due to the many physical and chemical

factors that can vary beyond the limits anticipated by the

engineer.
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Progress Sampling Procedures of

the Various Western States

In order to compare progress sampling and testing procedures
in the western part of the United States, a questionnaire was sent
to seven neighboring states. The replies of seven states plus
information pertinent to California are tabulated in Table 7.

Perusal of this table indicates that all of the eight states
have established, to some degree, systematic progress sampling
schedules with reépect to both frequency and location of sampling.
The State of Oregon has no predetermined sampling frequency but
has established location of progress sampling for all categories
of material. As was the case with respect to the final record
sampling program, a considerable amount of variation was found
to exist from state to state with regard to frequency of sampling.
As an example, for aggregate base and subbase, Colorado samples
at the rate of 1 per 4 lane miles. Idaho and Nevada obtain 1
progress sample at the rates of 1 per 25,000 tons and 1 per 10,000
tons, respectively. California and Hawaii sample at the rate of 1
progress sampling per 10 control samplings, which, in the case of
California, would amount to approximately 1 progress sample per
30,000 tons.

For P.C.C. aggregate, the rate varies from 1 sampling per
month (Hawaii) to 1 sampling per project (Colorado) to 1 per 2,000
cu. yd. (Nevada). Apparently, as was the case with respect to the
final record sampling program, the extent of the progress program

depends on the nature of the materials found in the various states

Wi fastio.com
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and tte agreements arrived at between the various State Highway
Engineers and the Bureau Division Engineers involved.

In response to a question concerning apparent differences in
the results of quality tests on progress and final record samplings,
a majority of the states indicated noticeable amounts of degradation
of aggregate base, subbase, and AC surfacing aggregate as reflected
in the results of gradation, plasticity index, and sand equivalent
tests. With respect to a question concerning changes resulting
from the record sampling program, two states indicated an augmen-
tatior of control sampling. Apparently the greatest impact of this
progrem has occurred in Nevada, which has initiated basic changes
in their specification regarding "acceptance points" for aggregates
as a result of the degradation which oécurs as a result of handling
and compaction of this material. Similar changes are indicated by

the replies of Hawaii and Utah.

Progress Sampling Results in California

A tabulation of the results of progress and quality tests by
the California Division of Highways for the calendar year 1963 is
presented by Figures 13 through 16. As shown by Figure 13, the
ogive curves for aggregate base sand equivalence indicate an
average reduction in sand equivalence of 6 points between the
progress and final record samples. 6.6% of the final record
samples failed to meet the minimum sand equivalent requirement, as
opposad to 2.3% of the progress samples. The effect of handling

and compaction on aggregate subbase is even more pronounced
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(Figure 14). Here, an average drop of 7 sand equivalent points be-
tween the progress and final phase is shown. 13.6% of the final
samples failed to meet the minimum sand equivalent requirement, as
opposed to 5.3% of the progress samples.

Even though there is a significant reduction in sand
equivalence resulting from construction operations, this change
is not reflected in the results of stability tests (Figures 15
and 1€) on the same samples. Here, when one takes into consider-
ation the reproducibility of tests, stabilities are the same. In
fact, a slightly higher percentage of progress samples than final
failec to meet the minimum R-value requirement.

Figures 17 through 19 show quality test results for indi-
vidual projects in which a relatively large number of progress
samples were taken.

For Project 63-W-28 (Figure 17), the average grading curves
show an increase in percent passing the No. 200 sieve of 4% for
the final, as compared to the progress samples. This change is
reflected in a slight drop in sand equivalence (46 to 40), and
only a 1 point loss in R-value (83 to 82). We may conclude from
these results that the degradation which occurred was in the form
of noncolloidal particles which had little effect on the quality
of the material.

for Project 62W-103 (Figure 18), the aggregate subbase in-
creased in percent passing the No. 200 sieve from 11 to 19%
(average) although the final product was well within relatively

wide aggregate subbase grading tolerances for this particular

ClibPD
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project. The results of this degradation are reflected in a re-
duction in sand equivalence of from 40 to 27 and a loss in R-value
from 74 to 68. In this case, we can safely assume that the degra-
dation which occurred was, in large part, colloidal or plastic in
nature which had a significant effect on the stability of the
material. This change is of technical interest only, however,
since in the final form, the material is well above minimum
specification requirements.

For Project 63W-74 (Figure 19), a 6% increase in percent
passing the No. 200 sieve is reflected in a very sizeable re-
ducticn in sand equivalence of from 60 for the progress samples
to 33 for the final samples. The stability, however, was not
affected.

These early results of the progress record program very
definitely show a significant amount of degradation as a result
of the construction process in both base and subbase. The effect
of this change varies in accordance with geologic composition of
the aggregates concerned. In general, stability is not affected
by the increase in fines within the ranges under consideration al-
though there is probably a detrimental effect upon the drainage
characteristics of the structural section. The fact that beyond
certain limits, large changes in sand equivalence have no sig-
nificant effect on the stability of base and subbase supports the
recent revision in California's Standard Specifications eliminating
a mandatory R-value test on base and subbase providing minimum sand

equivalent and grading requirements are met for the control samples.
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IV. (onclusions

The question as to whether the record sampling and testing
program has been worth the several millions of dollars invested in
it during its four years of operation in California is a matter of
some conjecture. Undoubtedly, opinions will vary widely from state
to stete. Since, however, the program is with us for the fore-
seeable future due to unfortunate happenings in a few states, let
us exeémine some of its tangible benefits.

It has given all of the states a large volume of construction
and quality control data. While the statistical validity of the
measurements may be open to some question, there can be little
doubt that we now have a very useful tool for evaluation of high-
way construction. Certainly California, and probably other states,
with limited exceptions, did not have any significant amount of
final thickness data prior to the implementation of this program.
Accumulation of this information has, therefore, resulted in a
more realistic approach to thickness tolerances throughout the
United States.

Another very tangible benefit has been the more direct in-
volvement of state central laboratories in construction control,
primairily through the progress testing program. This has given
the younger construction engineer the benefit of the longer and
more specialized experience of the materials engineer in the
field of materials sampling and testing. In addition, comparisons
of final record and progress and control quality test results has

given us an insight into the prablem of deterioration and
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degradation of materials due to construction operations and has, in
some instances, resulted in specification changes on ""acceptance
parameters' for roadway materials.

Another beneficial effect of the program has been that of
making construction and contractor personnel more materials
conscious. The improvement in construction and quality control
resulting from this, and the accelerated development of new
construction equipment, has already been discussed.

In spite of the unfavorable circumstances which prompted its
begimings, it is most likely that many states would continue
this program in some form even in the unlikely event that the

requirement was withdrawn by the Bureau of Public Roads.
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TABLE 1
SAMPLING AND TESTING

November 1943
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TABLE 2
SAMPLING AND TESTING

November 1963

26 '192 W2 515 'L32 ‘200 “LX% 'VI2 ‘Y13 TIZ SIS 05 (et SpL TS 35 15 ~ NN W J0 95T — ¥ O X6 IO ISE = b WX LIPS0 — WX X ST I8 0L~ T X 3R BT (9
AL 3 as] o TOOMAS J) 2T o) sl SIQOE JURE) ISR Of M4 T ekt Y0NS 2 RIS MR WY (2
N 370 S50 NN USR0S ST TSI NN Q1 PO 910 TS N 104 TO 531 JNSENG O DR 0N ‘A5 Ytm SOR 51 1534 PN SR S0 0 e B30 ) o e g Y4 i Pt 1M (L)

INILSIL ONV INITdNYS 40 NCILYI0D ONY AONINDIYA 'I2IS

1]
& ? DN s aaros 10 °4")
R T WL Y1 g aness 0 papal Sy pd sl E1me)
g vorpey o 3 | v
0T Asbid s04. 30 ashle won g w papcs Joj paxnilas
anpeooX 15 TIARW 1 l—!el!t«iii" 3 38 Sy AR 3200 Yoy s Y U
: q - W : m
Wl sl 2ow0 ooy | om o 011 "Le S sqaomech A 10 g ks SO BRI | TS | ot wrsade| &
9 10 MVESSES STMAL | PSP 3| FEA0 yhok T " <crudee 2 Ao T Ut “HT B WL "
[ H o
A3 g 30w *monile u!tcll_v AU T WOW PO -3 Q4
ampaoond sty pibuiri] PLISOOD 3| AN oS VT IO SuSmadS 153} sl
O
0} s o g ) 710 um—a0 o S JEOUp——
ﬂli’-!ilﬂ.ﬁu _!_!&!u.u.nnlﬂllq‘" Sk 0 gy ARAD “waxide 20y T ¥ " PN
r ¥ “u
r
' “SPT 10§ FER 03-Jopd’ Ry, 20) R o} 201 3
S 5 2be) SPRK, prsIp, hsptti.c. gl SPAREY POq S s Vepm P b
U R O and $0i 200 15N X, qof 0 | ‘oS 0y 0y Raca. 0 JEENE X Japacd U T o by ] A
) % D5t oma sy sapdems; 0N UG ER Jo 0] M U3 qu} B e June hjdue pmbiy g0 3. 3 T s sanRdod paatl]) =
H W = °
: sapmod 4 T —santd MM@ = m
mx L] 0] o Wata | 25N 0F i 3334 00 TIRH T
!tﬁﬂﬁ:ﬁﬁlﬂ JRIRU J0 0] A N3 [N Bupsa) ol 15T SHORES | PIBI) O W 0 § S e Y| 2 m
.E_qu_asﬁsu_fsﬂs.& ot Y = B 8
"0 WIS 10 301 (YRR 139 =
b Jo PRISSTS SS310N PSSy 3 Job G ) XSV 3T 5 1o pulod ¥ vy 211 sor | s m pw s @ (0 2
A{TWREN 30 S0P X} 39)1000s Janem Kol ul.!ﬁ.n:t" jonuee sej pRabas sy T s p0T) M 1
L = |8 W
SR PRSI K] SAED 2 el (090°20-8 “eNI=D 995) (vH 339 ur o mospoud W :
SEpURI pasay Ajsnojadid 10 89 0} Jopd sAe | Bupsnp 300 T34 1 “Jaddoy ybiam of Suypeay! () #ous jo [R50 pur S| 20 &
1Rl 3 Spdaws oy ded 0 NP U || Pocom Bulidrrd SIaui 1 80 30 addcy A Juaead! SRR D 00 A9 amadde ) T G [ L) Y A MLSY| PRS0y ey Slr=
' . = w m
' Sy 1 002 0, et argsiop i
/] b & &
' 03 Jop IS RV | e ki fk ] w o -
T vopdiosty | f =
12 @M 23 pbun apubadie uyn @ may ¥ (9 moy s LEl o aawem ayes - B £
wpnposd -3 Jo skup P ) %u.um-_uwﬁ = H
O T v s ety 0 Vg T 594 006 e Yo ) T (@ AW {6 SN &S w sishmy 2213 g =
H
m o
@ o () o 595 m ssaupoog) £ E
= m
@ N () A9N g s w2y w “”
T v [EE R =
vonanpox! oo o sKep! Bugpn | 1) uﬁu.u_au._a udEAInbS o
Eo__.ulu.u.ag" o sud J3r-uig uowEg | 3k Bsnhﬁ.!u.uoaab: @ NS @ e =s = - EJ.M m
D WoN 3% © NN 3% a5 WIS M0N0 m .w:._
#
<
- " .ﬂuoaﬂ: 3
x| DORRUILNO JO [TIRHD 531 2 oo
4 1010 FSnE-91 PR | u._nnzw.._“_s___, Ssajun Jvoy o w235 (5} w3 e v "
y gof s T 35%9] 1% g
b |
WDnpend 1303 Jo AR Bupxp () awown jo
O e ) aows neokt) o 00 SO0 WAG 1 “SPA T 0gg Kiana A0 K T 0 WON 35 (6 N 3% = IR sssan) w
, | £
[
@ 0N ®§ (B s ¥ TRk Cegon I Y
PR
INIdNYS WIS S0 INM4AVS DNITAVS 20 INIIINYS SHITINYS J0 00 40
S dodonardies | s aowowocl | a0 Adwasdud L 40 NILYI0Y 40 AN3RD3Y L 40 NOLLVOD' TS 20 328 _ 153 M4l 3L
TYNiS $53400%d i TJ0HLNCD avILW
AAVESIIIN WNIWININ

[ro.com

ras

/’\“ /

TA

ClibPD


http://www.fastio.com/

_i-iiaﬁsaaﬁlauii&.!ssiiuiniiahmilt n
S 107 "W "6 "L "2 T “FIZ “CTE 'TIZ 10000 [RUMN STHL TS 10 gL — |owE0 wd 0 jz — M TN O IEL ¥ OO XTI = % X KT 0001 T X 5B ST [i4]
“EOUAIE BT KNG, AGAIUE DIED o) ARe STNSEI FER [SRION 3k TUGII W) J0 SRS W 0] T J5 S SpE3{idRp CR pase oy .ﬂsi!zginnu.itiitstizna.!ladd:_iizi 2]

November 1953

TABLE 3

SAMPLING AND TESTING

L L st g o g W payeey mmaq Kaowoud S Lopsants of pfuad &R U0 460 1 pesedan [FRTEE B Jt (T
v T
¥
) 3oa wp 1 pyreces | 2 mmly W5 L]
" o a0 ol 1Y | TARUCS J0f PRIDN T
! : w0
] U 353 U SRR 193 J Moy,
: W gt psodep "ﬁ..n.un SPHILT BEIOA L U IIL LK WE | TS | WESAS spsestu) m
H w1 opneo il 1Y g spme ot kg0 1YL 2 @
\ H spuonsnh m
]
" _.l:.-___l_-i" AJUSISUC) AR put -1 L i ] ]
' ] A WA 1y | PRARYGE Sumerads 1583 R
' : @
1 VST S8 O A Y
“ I8 M 5] Praop T J WON "SR IO GY SPIIE 3 o T Koy e | e weue) e M
H 1) akaua ped Ty | Jou g ANp (ue a0y Ko T _ u
1 539 1) 380 0 B “H5A) Jj IR
b g s s5eurt fryssn 5 asroms s s sapnad 71 2 sty T wm 2
T WA o JOR YIS JUG 150 POSn 9q O} ant $30) MU U [ Tamn o sopd $30M uc J3E8] 1Y Iod L] “m
| 98 GoRTa, woe 15 ey Oupsa Lowad Jin pinby Jo 82 W T s 0L PAUELY Bl
m " sopand B_iuﬁ-..“__.o .m mm
[ ni
v o o e w449 | Posn 0 o A S0, M0 U [ s s —sepudoud] w i
.iu.__ﬁ.._ua!—uloai“ TH) SURTA) L SN SHUMRS POt o M2 WD T Bupopezue 11| W
+ 1]
UL 34 BINCYT 3|1 10[-3g-u) 1 \ w| 3
WS apEghins. X BpINp } ! 1DYIEY 339 (SAIYRIY 339 Mg RS - um
19 10 pagaRdans $331UN OIS 34 Jou P | ' = 1 sor.| SIS PSP 06 4
Ay 50 s amcy 04 SH{ddns A A1) H 25 o wRd iy 10869 10} PR Y 250 jo od 3y 5 P m
] |
s e s I i - M- wo o] mmeumy B
‘ » Ipes| t
TR S et J0 00 0 ) § s o sk 10y ame ¥ ai!_a_ﬂ_.wﬁ-s_ﬂn.m"m RSP 1A RN LSy pim sounpjmer)] 5 nm
: 1 op| -]
' Supepe | sl ansion ~
H ) aopat yOp-1E ARG | 10RMO3 0j Papnbly Ty Rz m
! \ 107 ooy
i ) 0K 835 ! oy Bt L 9 oy 295 (© now se5 TR A AP m
' H
! Supxpw (2} 1Peiomt 4 1 30 U ._:.l!nm
H @ opl I R S TN R 0T R 0 T in e b @ nmem * g :
[] . e
! ] 1 Wy 5 © won g w wpuris | 7 _m
' Fod
1 ! ) mow 5 © o us L e S H
1 H 2
) Bupvis b gy yelead T 0 UIN Ll £
| ohoutierun G SO0 00T @ o T ) en s © rwa " mee i
t T
' ! o) wang (0 "o s s s ey m
! : oot A
i Bupeyu | DoTRRI S 20 (BRI (3 WO W © woN m T80 HAIRI)
H 0 AP ISR UNNE | NGNS TR (NN S Suoy
1
Bupyn g
e et et ©wnws || s memo mm
f T
! 1) oy wg 6 oo Mg m| s epmyvd
p— INTAYS INTTdNYS 40 INFTdNYS ONTIINYS 30 ININYS SNIIANYS 40 TIdMYS 40 328 ] ¥03 1531 i
| SGACSASAS: | Sma B0 AGMNUST ) deashInNIul Tl uo neavoey Jotswaehaus 1 Jme wewnivam saL L L,
-
R NI STHR0NE T0HLNGO I e |
AHYSSII3N WNRININ ONILSZL ONY ONITIGHVS 30 NOILYDOT ONY AININDINS 3218

StIo.com

WAYAYAE

ClibPD


http://www.fastio.com/

November 1963

TABLE &
SAMPLING AND TESTING

~pasmbar 5y |[¥ 57 siabesée 31y o LOREMLGIU 59 [300 3) Jo K02 B ‘g s up 250 1) ANUALKT SE0un0s wog PAIdNS DuRg Saajd 2110 LD (T)
> . :
1
) e 2l 1 1484 PRI i UM PIRIGMD] (e o ARSI 5Y SIS
1
“saigues | 1 *AiRg 2 g aoim joy
04003 US[se X|w 1) MESSIRI $8 159L Jozjuoz g L83 ¢ Jeang | HANY WORG 0 3 OO L
T xcidle SSAHL L 03 aAep o liod Iy R XOKKIY Joj 3(SaRs i(Rg
T o
Sasodnd jBUDIRLLOJE 0} SI(dukS |2uld “sajdums ! i Alreq 2 vey 2pwIoN
1000 UBFSIP X4l S0} KIBSSIOM SR 1531 1w aur] 2 T AT pRapaa) * jonue o Ked _. RS | JORRIR UOIIRY 20 sUCh QK i+ Sishjeuy 3345 m
Ul T xoadde SSHOLM | 0 &xdrep jo wied Iy | 3R2 xoukde dop aydumg Aieg m
t i P ot il
sodind. A0S | |Ieq 7 Uy a0t 0N
e 15 Xk Ao e 5oL amaor 91 1neg smapita sauma gp e 5ans | Josse wnEA 0 501 00T sy pue wnxd | X
Wy § "xqudde ssaqym, | o Aaaiap o umd 1y ) §oee xeidde soj AW K)iRg 2
- " s st | &
1
19807 WB|SIp X|ul 0] ARSI P 159 H pans ! W *daasng sodeA 1SN
1 o} A3 9p 40 Jied 2_" Josguos 10} AessInau sy
i ' -
] ' mﬂﬂ -
1044100 UB)SIP X[ J0} AFRSEIONL ST ISAL t 1#e45 |
1 ) Anap jo wied I | 103003 Ja) AESSII SY
) 10} JUR)g SS:pc.ﬂw,
S | h
— e sy, ateis 0] e o6 . {9 % _ueispnrg s PiS
SRS S NN SR ——— - - 30 UON33S Fqesnode
' aul Juelg u Aliep g W SHewdsy LW 35URPIDE U] =
T T b
4 padueyd St . it
\ SupxiN 900479 1 s jee anu00s 802 Aaiwesm s E
1 ! —
....... - : _ g
i Bupp 30098 | 39S SSajUN ‘S6}S EHNI somog L] =
e e — “ Uy s )1 Rimssanau Joy =
o " T 1 sn T - - I =
palitren 51 m
i Jamas $531Ln ‘RS TRy aauneg wz| 00z uecny Kip ¥ yser
! ) pasa) ] AIESS0 o Bujperg
190 BB 3RSy PILR L) L TR 1 ! we Suydyos wild
. e e e ! . 201 2 3 w T s
2321508 Jyeydsy pIpRID URd( Lo FpRW Yo #2115} )6 WOLI - JARUOD ¢ su ed . WajRAINYY pURS
0 1 3puioN swasiod 1| eQ SLT [y 5y ippens ‘g SRR PapRIY UO i -
aang jo E:E_:_E._uh-Bo_ ................................. sug ield SISA[EUY FAHG M
e e 91 A1a43 10 S53u0601 .L 0 Aol ‘S SIEUHH e e g e B4
B et + il S I
2 AL w0 apew 16N ' 208 502 SMRY PSR R B
T S - * 0375533044 A e -
R I 00t me| wusenl @
T Q3sFI0MANn [T T T 2
.......... N F—— ﬁ | we] e vew)
’ <08 1ns| 3
- e b S e wwnn R Bl B~
papeu) uadp Lo apew joN 2215 g W RIAOLIGRS |
T e e JequGY U Wl yoea 50 405 s.: W
UjEG RN O] Aessaau SY 10 2 idXB0lg NG SIEPARN 03553004d £0f Y| &
sug el 05 802 ¢ 08 auy g assey | =
1 3| (0015 IS SfeLanEN 435539044ND 790 AR DH 1S
B e S el B B Vs, HOAL i
3 %Ay w ape 0y K 241105 I SN - uz e v
CHNVNIE - INIdRYS INITANYS 40 INITHYS NITIHYS 40 NI TdWYS INITLHYS 40 Jvawvs o328 | OF 404 153 nagds #
A0 AJNINDIUS I 1 HO NOILYIT 30 AININD3Y: WL HO NOILYDOT 40 AON3NDIYL JIL YO NDLLYOLT 1831 IV _
L]
¥NId $§34904d 1 T0HLNOD TILIN —
. 1 =
ABYSSIDIN WNKININ GNILSZL ONY SNINdHYS 40 NOHLYIOT ONY AON3NDIS "3ZIS - I
©
o
©
1

1
o
n
o

3


http://www.fastio.com/

November 1963

}vﬁﬂ._-gasuﬁﬂaﬁ_ﬂvq!!iﬁ-?l-ﬁns_vﬂ._n_ie.-s?_f—:s_uaigsg-aﬁiggﬁgs_ﬂn_gz Lral
palamip 5| 3005 $3AA ABD B 0 0} PRI 20 Ketn K3030b3y ) ST VORI WY | PO MBI 5| L e

TABLE 5
SAMPLING AND TESTING

T . 5
H ) HNQ SR 1O 300 335
' KoL Junaasia ! o s, ey [0S ey ay G J6 LIS L3 Fi5§ Aokd IRPadS w.m .
d " H o ) "mo JO 1D \YE JUON, e TRt [
"3 ) PINOGS ) 014D i ¥ “s0ads |
P— IDNYWIY 335
“HApldis JaYRs (SN S8 oNT ‘TS H .u.__&._.n“n“ ! 39 20 o pped w9 %1 715 10 06 RS [
SRS L;5R0jsg0 wos 1 ARSI Jpders of p v 100UGD Jy asInBs Y e ooy ds 17
T
ﬂ - " u!mg_dq—tvk m
A pataan g 1Rap g7 ] pacd J| JOLASE woy b (DRYNEY o pm
top paen Aysnoipasd 20} 350 63 i AW | i !H.giiuhi“ Joasg LOpaey © s uy WS 49 04 WIS |
1y i s S| WD [0 AR 00 | H TS R iy PRA| PRRAIP SIS0 00V N[ RUNEO e WO 3y 0w |
- H N 1
1]
A any BET | pusaacd 31 1 aop pur i __.._ﬁg__-_.u...___.uu-_.:.__q [onwe? Joy KWL sy SRR
| poostwoo s i sy H \ . -
T T EE
Prp gy PR s e wongd W |} (D500 (€ 89 20) s T 91z | vopdedaed MRRRY m 2
204 3D 5 P TN | [ Y n..
T t o |® =
" u...:.liq.!llb_— 1oRUOD 10y ANS5ID SY .2 vapen) 1 ) lm 2 m
i ) Lmaygip )o ot ¥ | 5 2B
ol | : Al
gy _- wormie s 0T Y | AU 1o} ARSTINN TY 2 Ry @
0] 3500 150 7 SR ¢ ' -
T T
) 1 gt Kning o aned Y 1 (TSRR O oes 2 3 T ue A
L )
R9f yme J0p S | (e |
2TV IR 1999) 32 DOTIEY SEHYYY | FHsacown g PN " {T)'S4%3 DO0K. e Jaf Fjdums Huyels B ars LI 7ie | aduas anssadat)
3
0% '8 'Y A0 : Buparm o) soiad b (DSPA 000 W J0) s T Abpes, 0 AlS 1, N nz YDA LS
' : HRATS 20 WS N Toz | woneSausiq e |
: - FE]
R R ) ' Bupcne s Jopid | {EHRER D0gE 1009 5 ydums § 3Ayoas 0 A LN =1 001 fad siskieoy sadrs |23
T T me
gryImy ' ' B|RDPKES 20 S LI 71t | wbuans sarsadecy |
¥ )
E L 0L
3 sy " 4 Apas 0 A LI e 2 B AN
i
: ;
[ 1 ]
PasAsa 5] 1 daoji pue ] saka) o ot o | o) sy KmS3a00 7Y AR T WD
Ay | mAeo 5 6 By H !
1 T
®lpwj '
I oopowtecs s 3o g ) janyes 0, AWITIIN TY 04 912 | vonmedd ARy
g Joun yse| W 1304 ! H
" nu_.t.l_oulz’.“ LT R T - m el
1 ]
: " 3
| 32 o W g | PP AR
OSOLI RUOTRARSN] J0) G $-0F HOURS R 1 g 1o | BAn paaidecy Y U0 i odsp 3171 SR S48 ¥ |1 °AD 0002 0k oo A3 | (D HKDPGIS 0 WIS LT [2d] WRIRING oS 2
Az gy U 1 xoddy | | <
[y T m
. Sdugt 0 WML "53| pacgmoa g ) {"10005 “MS 95)
0Nl FUOTENLR] 20} FWS S09-0F NS (Rl [ ouw) 5 § akr| padwad | o pepsadip £) 31 sep 3 4y 1(T"A 0 D002 20 303 000¢ A3 | (2 WIS 0 RIS LI wE oA m
194009 0T 0 T woskty ¢ ! .
" AP 10 DS MHEE “ “POSASR BUNDT AW K 0 HE s 522 sapuy RNIGERG
! ! it v gy | (D OIS 2 815 L
. Iz:..ll__iwﬁs" pacgreas 345 1
Sodied (RUORIIGH K S #0T0k ¥ dones, 8014 po wm) 1 Jady] pEaduog _8..82515.3“ _a_!_ﬂenu:_la-:qmncidsaaaﬁu&ngu (1) Aol o WIS LN W sisipey 341§
3 pagpmsy i . )
_. o0 poyisodap 3171 e 9 3Y “8.35532883.9& @ sdpns 0 RS LI ] 1[Emd PRI X
IHRYS SHIIIAYS 40 BTN . DN 20 PRI DNTTINYS J0 N e
SHEWIH T1MYS 0 3TS 304 134
30 ANINDIS FALL HO NOLLYS 40 ANIND38I JML 40 ROLLYDOY 30 AN3N03IYS JMEL 8O NOLLYIOY vs 4 1531 R ENY ]
i LIF] $S3uH0Ud ! DHLRCY WILLINI
AHYSSIOAN RONININ DHIISIL ANV SKNMYS 30 NOILVI0T ONY AIN3ND3YA '3Zi5

Stro.com

ClibPBE=wrtvwfa

cl


http://www.fastio.com/

TABLE 6
SAMPLING AND TESTING

November 1953

PO 3] SUNCE SSR{UR e ¥ SU3{0F PASSIND 3G An ousrbay) $U%8MI| LOEI(INd QN F0AIDUR Wity 3] sy ) (T)

’ 3
1 ! “mpqpasp 0 woppey moees | &£ 5
t xoquE L T pBRICYS B LR .nIL 0/ 15005 S =
: e e | B 193403 00§ ‘e wt 19 S aiqi|de .m °
H 1 15 TROUIDT P DN aussmpozym]
-0 Jd ¢ 134 praywe) ! 2br pmaguey | |0qUea 10} AR3sATIU $Y SRpIL
' xin sty | Alivg wug o1 anspm | B
T -
' 0 ppiacg | Ay oy m wskpey suais | i o
=1
! p—— Aug 2s0g ot wpsena | B 2
: v oopeg J51 =
' XN patdpdoe) | Aimg w0 S0 ) z \
T H i -
! XIN paaptwog | g s 06 SAN| A M
1 T (=]
' i prnoy | fimg ¥00 e Pt i)
1 t 005 m
- i ! e pis| el vopromg z
M -~
' Bopa 350439 AN | ToRu 10} pAIMBa £¥ oINS 0 WS KL,5N ool amspox o
[ry—— i = E
[ayma Y D08 204 T Bupesa asajiq wopuly f e uwy d T a11y30rS 10 A4S 31,10 Fird wapanky s | X z
NG J0 o | T m g
1oua g1 Kas oy 1 | Bujga axtyeq wopuis | v e 1ad T ajryacts 20 S "SI P skpury wwars |
[2)
' ) 10405 20g b gy Hidyoms . N SN e T4 10T A o | rowoms voen wiom | 2
m
H H widyiS o WS 3LV 506 11905 M
T
1 wapun, | e waspuy o9 T NSS40 RIS ILIK @ ERE)
1 i DS 10 NS “SLIEN e Fmons
: 1
T 1 ® | teyaugy e
' : U5 0 05 A1t ;r vaz| | Awen aypes
o USROS ) 31 S ] .".
Mo By [ pow paraitws 3| ke T e o uoprdecs dodn ¢ o0 g AnssEaey Sy o) WD
22003 JEpIAI) N | |
qaf 20 4o }509] 1 !
T 0 J0de 5 " DO[Rde) ST S3ud U “ (Gd0s 20} AT Y 1z | wnoedwe) sy
sarsocdind yevogpticyul 0y S Jod s g 0 eepm nw | web tm wd ™oz oA
Stydums fout- K102 ¥ T 550 3 t D | ot oy | sy poriod |0 3e oo e O *iinos 0 [ T4 m ARE posg
375000 U0 RO} ) 2o sod Kdn] paad AR Jo knw| W TR | wp | (0 3o . sy I5VAENS
OIS RUI3- i 7 8 T SN0 00 ! e 199962 0T ¥ 1 “xodldy | @ Assnijap jo wppd i | 0°3008 pogE AN Joj aug SRS 0 815 S HE e
-sasodnd jeso e T T JUYITHIO¥
Ao 1 s AN 1O WO RN, | s M CsA R g2 . wa
o) shiphoms wuid ' + paig jouas g Uy | “weuday | @ AMEPOWRAYY 5 0 00KO00E Kisve Kb WO RS 20 48 " w sy duors
! any by | Joss 15 Ams3asi 2 w0y e
+ A
1 My s jo | |oueS 10y ANSSES SY g1z | vonowdwoy speray e
1 T o3 opd Ay |
: 1 P 0t 1aEnEse
1 g b e I PARD Ay
| 4 i " ultAtep @ PUINDRI By | ASNalAdd 300 JHIOQRATIRY s e
1 1
qof s Stun e B 1 prpraduod pow paseld | n3ecwes) B BOYN0E UILAOIM
PP 008 G SHNN | [RUSTTR ALY Aubipony | 1o, 10§ PINLY 5Y s e
R WIS TAITIAS 30 DNIIANYS INITJNYS 40 INIAYS INI1ANVS 0 - o w04 190004 ¥0
40 AONIRDIS WL 30 NGLLYIT 20 AININDIYA FLL ¥0 NOLLYJ0 40 A 3INY3Y 3ML 4G NOLLYOOT 1531 INHILYN
TN CANBNKA } M N WILINI
:

ABVSSIIIN MNINTK

ONILSIL (INY DNITQMYS 40 ROLLVIOT ONY ADNIADINA "3218

Sstro.com

YYAWAYE )

ClibPDr


http://www.fastio.com/

Bujasaa puw Juridwes paodex sgardead

PUF 10IIU0D UIBAIBQ BPPW UCTIDUTISTP ON 7

ueisedator 03 I0Tad 1

2100 30 wean
“1w ouet 7 xad 1
“UQTIINAISUCY
uuuww Auaprol +x,8uz 4 TTm Suey
*x,Buy woay 3300 ‘ansd waay £q pajsanbaz ‘7o auBl uu.a 1 sMOIpUTH)
waay Lq peisanbai| pulyaq 'AAIATIID axom 10 'jm se § quwy Bmwavis 1ad 1 -uotysedwos 153 :naoﬂmm.www
sy *safTdysoas uodn {033 suey 7 z8d | que(d *Liaapep| o3 zo1ad Lempwol :o._muu
9 sulq ue(d ‘sulq Jueld sSuTq JURTd undn AONIL pug Sujq JUFTE osRg S® IWES o7 107xd Lempeoy
+uoyIepead
30 joazued 1934I1a "g4e yjuowm zad T Freavi
2412 03 padusyo azes -33v *aseqqng £q peasanbaz 2185 a@daauos Sopard yavom
23BQqNS % 5w '23Fang g 237y -38¢ uy adaovs sV AavATIap a0 aTIdy30e1s 3o Aep a3d 3 ad 1 o7dio038 20efoad aad 7 sadoeg 10x3us) 1
a0y 4uoTIWOTIToAds - sax *13Fm QOZ- Fo uotaspeadag 20u3193FID WEITITURTS Of uedn qonrl “sutq gumlg KIAATIop ue yenal ‘sutq Fueld el 298103$ e - asug sp omWeg ad 1 Ahqavmo.z
Lep |” BpPTAIN
zad z *y3Buoaas
-xapuy L3fopaserd puw adwoa ‘Kep 1ad
-guoyImosyiaeds snojaaxd uy .uaw._”w.am:vm pues ‘uojyvpead 21 ‘pu0TIEXITI suel
parwdiojaue dpueile a3ax | up sadueys woys a3edexddy gag 3oafoad aad T *A"2 0oo'z | suoa poptg aed 1 A118U0FSEII0 uwvavhmm 10 juted o001 F9d T “uIm
sat3zadoad vy s9duwys - od ‘O Y puR I5FE pIIARIIIUY Azaagiap uo onil a23d 1 913492038 Ipaed 3O YORY 211430038 - - - BuprO] 3B HONIL a5mg SE VuES | SHAIPUTH PISSOIOIT
TpeoIozuLex uadq S23899,
W] 1OFIVOI_UOTIMIAIIUCD Azazoes uj uoryepeadop . aom.nuu woSa1g
“gajv¥eaidv 103 sautod J0UTH  “3us3luod JrEudse EEY A{uo TeuCTSEDIO wopuez 18 Jueld wopupa |wopuea I® 1IYSNID wopuex 1w jueld I m.ﬂqavmuu urd
sourydazow ut saduwys - s93 U] 2oUIPIITP 8318 L1aT1er we {onAL yoseq ‘ulq JuRld 3@ zeand ¥InIL fuiq Jueld Suraed *Hanxl, .- - oseg se ouwg Jue(d ‘moapuy,
Hoafoad 1ad #d1n0S TR M
Buasen 101jued - - - N ‘ju auey 4 3ad 7§ a2d "y 0 puw ‘¥ 4 “Tu Buvy 1oefoxd iad
. qof paseazout aawy - 3ap anaﬂmox 50 1o 1 aT7dyo02s p 1ad 1 a2a®d - - - adh1 zad T yonay - - .- - .- -

;3urasaq paoddl

J¢ I[NSA1 ¥ 98 PIAFTITUL
uvaq UCTIBITFTIRAS

up sedyeus Aur 2amy

po8ueya
1s939a1% ayl 32TID2

sayiasdoxd jeys ‘os 31

L5ITNSD1 3591
Teuty pue sgo1doxd udImyay
$II0U UDIQ FIOUBIABITIP
JuedTITud1s Luy aaBy

uawa) puR1IAAg

83y 504

(xXTH) ‘07e

8%y o'y

I1eudsy

LGP AR

aseqqns 538y

. rqof asd ¢ oyep]
<gase3 Supidwues 10 'Tm euwf % a3d
pI0033 4G PIATIPP SEA 1 ueyl S$S3T 30U
mewg ‘33y Ioj uopjeatyyoads suoy 0Qoge Aed
A378U9D WNWEXEW % 8yl - - - on - . .- I .- - PR, sseg 9%y su omeg feseg -98y s¥ swug 1 3739 134aaue)
*aAa1s DOZ PUR 01 's1 ©3070;
-oN Fupssed % Uy 95eaIIUL J0afoxd . —— pm oury y 39d 1 OPEITIIT
-2UCISPUBS TWOS fIUOISHUTT “qu suey o7 aad T [399foxd sad 7 e1yd | -yu euey 4 3¢ 1 Iad sug - Aeed T g 4 2 tenpuoy | - fetpron smorxputs
oN lhjos ‘eauwead peieaBajurstg sawrl 3% ‘Sa) zaaed ‘yonaL | %¥901s ‘urq Jueld aaned ‘piiw 3ng - - - a%e1035 ‘Honal 13d 1 ~.€3ouom zad T AenpE LR
§ 30 ‘U ¢ 30 -uym| BTUIOFTIHY
gU0T1R013To0ds qel aad ¢ "uwm qof 2ad 1 ‘uyw | Toxauen ol 3ad 1 1o1ue3 01 uuuuH
pIopURIT (%961} pasiavl JuPTEAINDS pUES pUBR sAep ¢ yoms I saydurs | Toxzues g1 32d 1 suampoads yo a9aloa o1 uo B uamou
Uy s30uwzaT03 syeuxdyyl | Surpead ur eFurmd asEquns sutaed Jo sfep ¢ FuixTw 03 1oa3ucd o1 BurxTU 03 - - - ucI1eFIqEJ puF 03 Kasatiap peolL o Qw— 3 3y
Jo uoTIBS]ITPOW - 2| w3ude1¥Ey v Iswy a1vieadly 3% yoEs 103 T SEIUITH z0tad utq yIaed 2d 1 ssaualy | zojad supq Jueld Suypidums ssaullH 30 autod 3y - 3 13 ¥
F12I00U0 @3m3s

ey 3y

ADNANDEUS (Y ROLIVOOT HNITERVS

§3LVLS NYILSIAIM LHOIZ HO4 SIUNCGIIOHd

anNy
ONITdWYS SS3HOHOUd 40 AHVAWNS

L 38Vl

ONILS3IL



http://www.fastio.com/

FIGURE |

996l

96l

- vos!
€96l o
2961 %"
1961
096l

666l

|

NOILVIdVA TVIWYHON
3H1 NVHL 340W
A8 IN3I01430

o

NOILVINVA ._Szmoz\
3HL 40 SS3IX3 NI

o
¥

Q
<

NOILVIYVA
TTVWHON JHL NiHL1IM

o
(o]

o
w

vivd mwwzxo_I._.
ONITTdAVS QY¥0J3d VNI

o
e
% ‘SLN3W34NSVIWN SSINMNOIHL

fastio.com

ClibPDE=wnw


http://www.fastio.com/

FIGURE 2

996l

qY3A
© %) 0 © o ©
o » »
o » o R 122 o
I |

NOILVIdVA TTVINYON .
3HL NVHL 340N
A8 LN3101430

NOILVIYVA ._ds_moz\\
3dH1 40 SS30X3 NI

NOILVIHVA

TYWHON 3HL z_:t;/

g10 Q3XIN 1NV'id
Viva SSIANMIOIHL

ONITTdANVS Qy023yd VNI

& 4
W0
o X
O
x
Z
0z m
)
)
or &
m
>
o
09 C
v
m
<
08 m
2
-]
7,
00l *
32

fastio.com

ClibPDE=—wW


http://www.fastio.com/

FIGURE 3

996l

4V3IA _
© © © © 5 © ©

) o)) N $)
% b % N 22 e 60
i _

NOILVIYVA TTVINHON
3JHL NVH1 JHOW
A8 LN3I01434

zo_._r<_m<>._<§moz
3IHL 40 SS3IOX3 z_u\

NOILVIHVA

TYWHON JHL Z_I._._z,/

O
o

o
<

O
(o4

&
®

A —— e A S & e A a Smma &4 A

JL13HINOD LTVHASV
Viva SS3INMOIHL
ONITdNVS ad003Y 1VNI4

OO0l

% ‘SLNIWIHNSVIW SSINMNIIHL

Tfastio.com o

e —— e e e
YYARYAY)

ClibPD


http://www.fastio.com/

FIGURE 4

996l

—1 696
bos6l

€96l o
2961
196
096!

|

NOILVIdVA TVINYON
3HL NVH1 340N
A8 1IN3101430

0696I

1\]

NOILV
JH1L

I4VA TVWHON

10 SS3DX3I Nime"|

O
N

O
¢

NOILVI

HYA
TVWHON 3HL z:ﬁE\IL

o
O

O
10

30d WYO4S di'ls
Viva SSANMIIHL

ONITdNVS Q¥0J33Yd TTVNIL

OOl

% ‘SLNINIYNSVYIW SSIANNOIHL

e et et

astio.com

ClibhPDFE = f


http://www.fastio.com/

FIGURE 5

996l

M4V 3A
© © © © o ©
o o o
o N A N 22 o
T _

OGQGI

NOILVINVA TVWHON
3HL1 NVYHL JHOW
A8 LN312i33d

NOILVINVA TYINHON
3H1 40 SS30X3 NI

o
o

o
¢

NOILLVIYVA
IVWHON 3HL Z_I.CB}

Q
0

O
®

30d Wd04 3GiS
ViVa SS3NXMOIHL
ONITdWVS Qy¥003d TTVNIL

o
o
% ‘SLNIN3YNSVIWN SSIANMNIIHL

rastio.com

Clib PDE=—wv7


http://www.fastio.com/

FIGURE 6

996

- HVY3A |

O © © © m ©

o o »

& » o N a o
|

i
NOILVINVA TYWHON mmer"
IHL NVH1 34OW
A8 IN31D1430 |

OGQGI

NOILVI¥VA .Es_moz\\
3HL 40 SS30X3 NI

o
o

o
<

NOILVIYVA

IVNYON JHL Z_I._.:s/

&)
(o)

O
w

3SVE 31VOHIHOOV
Viva SS3IANMOIHL
ONITdWNVS Qy0d3y VNI

OO0l

% ‘SLNIWIYNSVIW SSINMIIHL

10.COm

rast

ClibPDF=—wirw


http://www.fastio.com/

FIGURE 7

0696I

© © o © © D ©
» o o0 o o
» & S ol ~ 24 o
| 1 -
NOILVINVA TVWHON “ 4
3H1 NVHL 3HOW
A9 INIIO1430

O
N

O
¢

NOILVIHVA

IYWHON 3HL z__._t;/

o
(o)

N\

Q
(e o

asvadns 3.L1vO3IU9OV
Viva SS3NMOIHL
ONITdWNVS Q¥0J3Y TTVNIJ

O
o
9 ‘SINIWIHUNSVYIW SSINMIIHL

ClibPBDF=vrrvwrfastio.com


http://www.fastio.com/

FIGURE 8

SNOILVIA3A Q3ILVOIAONI NVHL d3%JIHL S3¥0D 40 %

1334 NI S3ISSINMIIHL UINNVId WOHH4 SNOILVIAIG

o0+ 0g'0+ 020+ oo+ 0 oIoc— Q20— 00— ov'0-
00! DN I~ § KIS oRgor- N — 0

08 02
09 ot

. NOLLYIMVA

ONITdWYS QHOD3Y omm_i oo JUNHON
ot : ; 09

ONITdWVS Qu093y mom_ﬂnvx
/T
02 - \\ \.\ 08
1S31 QVOY¥ OHSVV—A~A——7
< %
\Aﬁ ” <
- -
0 =T == e 00!

1S3

L AVON OHSVV Pup ¢9gl ‘096l

3sva8ns 3LvVO3dOOV
40 SIN3IN3IHUNSVIN

V1iva ONITdWVYS Q8034 SAVMHOIH 40 NOISIAIQ VINYOLITVO

SSANMIIHL dO0d4 S3IAYND 3AI90

INNIHL S3IH0D 40 %

SNOILVIA3Q Q3ALVIOIAONI NVHIL

ro.com

as

T

VAN

ClibPDBr


http://www.fastio.com/

FIGURE 9

NVYHL ¥3MOIHL S3H0D 40 %

SNOILVIAZA J3iVOIAONI

1334 NI S3SSINMIIHL O3INNVId WOH4 SNOILVIA3C

oY’ 0+ 0S:0+ 020+ 01I'0+ 0 010 - 02°0- 00— ov'0-
00l e 0
08 02
09 ov
ov 09
ONITdWVYS g¥0234 096
ONITdNVS GHOO3Y mmm._ E
0z 08
1831 av0oyd OHSVV —
T g
0 00!

pmm: oqom o:m<< _:_o €961 ‘096l

ASvE 3J1VO3HOIV
40 SIN3IW3YNSVIW SSINMOIHL ¥HO4 S3IAYND 3AIO0

ViVA ONITdWVS QY0234 SAVMHOIH 40 NOISIAIG VINYOLITVO

S3¥00 40 %

SNOILVIA3Q a31vOIANI NVHL Y3NNIHL

[ro.com

fas

/’\“ /

W

ClibPDF


http://www.fastio.com/

10

FIGURE

NVHL ¥3XOIKHL S340D 40 %

SNOILVIATA A31VIIANI

1333 NI S3SSINMNOIIHL GINNVId WOM4 SNOILVIAGG

020+ S0+ olIo+ GO0+ 0 GO'0- 01 0— cl'o- 020~
001 T T i - 0
08 0¢
09 ot
oz_n_a_\_,_qm ay003Yd 096l -
Ot : 09
ONITTdNVYS QHO0D3Y €961
_ Y,
02 \\ 08
1S31L QvOod OHSVV—/—p
‘g -k NOLLV IHVA
7 L TVWYON
e Pl
1831 aVOHd OHSVYV bpuo ¢96] ‘0961

3134O0NOJ 1TVHdSV
40 SIN3W3YNSVIW SSINXMIIHL ¥Od4 S3AUND 3AIO0

V1iVa ONITdWYS 40034 SAVMHOIH 40 NOISIAIQ VINYO4INVO

NYHL Y3INNIKHL S34¥00 40 %

SNOILVIA3Q Q3LVIIANI

[ro.com

fas

/’\“ /

\V\

ClibPD


http://www.fastio.com/

FIGURE I

996|
(0
= - G96|
= =z
S - u L
< = |W < 96l
a | < s
w = :; @ D
OCo = (W - €96l
@
wFu s - %
© oo o < 2961 >
g2 o O
I-(I; ﬁt_ :i:' < § 1961
p
(o
w oz 096l
n_ -
@) e’ o O 0 @)

"o, *9NITIV4 SIS

ClibPDE=wrvwrfastio.com


http://www.fastio.com/

FIGURE (2

996l

G96|
b96l
€96l o
2961 >
1961
096

3ISvEans 3.1v93¥99V

3svd m._.dwwmowd

o
N

O
<

S o
% ‘ONITIVd S3TdNWVS

O
<

._.uws_ O._. oz_..__qu_
S3TdNVS 40 39VLIN3DJH3d

ClibPDr W astio.com


http://www.fastio.com/

FIGURE 13

SINIWIHINOIY NOILVIIAI03dS WOYH4 SNOILVIAZIG

oL+ o9+ 0s+ Ob+ O+ o+ ol+ 0

0=

o0l

06

s N

o8

.

hN

104

AN
[y

09

T
h N
"

os

ot

0%

02

o \

|

ol

b M
L] ol 4 t

T ONITIVE %99-S1S3L 862 -T1VNI4

A A T 02 T Y O s o Ot B

WVY904d ONITdWVYS QH0J3Y €961

mlad e T 1= OATALIOON
=2 Va dde VS AI SISV

INIWIYIND3Y '3'S NOILVII4IO3dS 3HL
WOY4d SNOILVIAIAQ ¥04 3AYND 3JAIO0

NOILYIAZQ Q3LVOIGN! 3HL NVHL .
HIHOIH HLIM S1LINS3Y 1S3 INIVAIND3 ANVS 40 %

[ro.com

fas

/’\“ /

\\

ClibPD


http://www.fastio.com/

14

FIGURE

0L+

SINSW3HINO3Y NOILYDI4103dS WOYd SNOLLVIAAG

09+ 0S5+

ot +

og+ 02+ o1+ ]

Ol-

00l

)
.y

06

09

oL

i
ONITIVA%ES-S1SIL 6.8
ONITIVS %9°€1-S1S3L 206-TYNI4 T 2

h

-SS3HO0Yd

]
]
/

Py,

09

Il
1M

1

:

0%

ov

h Y

191

02

-l

0l

-+

juonet

ol -

WYYO0Hd ONITdNVYS GH023Y €96l

ISva8ans 31vo3IY99V

INIWIYINO3Y IS NOILVIIdid3dS FHL
WOYd SNOILVIA3Q 404 3AYNI 3AI90

NOILVIAZQ Q3LVOION! 3HL NVHL
YIHOIH HLIM S17NS3Y LS3L INIIVAINDI GNYS JO %

ro.com

as

/’\“ /

ClibPDr


http://www.fastio.com/

iI5

FIGURE

SLINIWIYINDIY NOILYIIHIDIAdS WO¥4 SNOILYIAIG

09+ o5+ Ob+

ce+

02+ Ol+

el b

o2-

ool

S i B

=i =

= 1

I R A I It

08

oL

__

ONITIVA %2'S-S1SIL 96% ~-SSIUO0Nd

ONITIVY %t'0-S1S3L..€L-TTVNIL
LT

09

1o
L

oS

ov

oe

T T

UOILDLIDA }Sal

1 IEF anjop-y IDuLON

o2

[1TT11

w

o]

3svd

WYHO0Ud ONITTdWVS QYOI €961

31VO34OOV

INIWNIYINOIY 3NTVA 4, NOILYOIdID3dS 3JHL
WOYH4 SNOILVIAZA d04 3AYND 3AI90

NOILVIAZQ A31VIION! 3HL
HIHOIH HLIM S1INS3Y 1S3 ,3NTVA-Y, 40 %

[ro.com

fas

/’\“ /

WA

ClibPD


http://www.fastio.com/

16

FIGURE

SLIN3IWIYINDIY NOILYII4I03dS WOYd SNOILVIAZG

09+ oG+ ort oe+ 0Z+ Oi+ 0 0l- 02~
T IR P S o H °
as S EEnmens.Z2ssnsuERN ",
5 b m B A may ¥ ,-M 106
| 77 K . _
! A'dl 2 _ i
“ : S CaAREENE o8
/ B S
d NAEN | n
5 LT : !
FLTE ! AT f L1 0L
| K : - (-
_ S I __ I - N A,“ . Wnl
ONITVE %0'2-S1S31L 99¢-SSIUO0Ud A TP 109
ONITIIV4 % 0'¢~-S1S3L vH6-TTVYNIS -7 A AR N
A “ yas B ERS =
: _ ; oS
Fi [ m : | .lﬂw
T L4
1 i 7 . ' [
i i . ! ] i Ob
; i ! [ [
T | ! il
iR e i et
/ AREN S ! | og
F : A : ! k ]
T UOHDUDA }S3]
. : 9NIPA-Y |PWION ~ 02
yanrd EENEEE
7 u |
7 o]
Lo P d
et °

WVH908d 9NITdWVS QH003d ¢96l

3SvE8NS 31VOIYOOV
INIWIYIND3Y 3NTIVA M, NOILVII4I03dS 3JHL
WOY¥d SNOILVIAZA H404 3AHYND 3AI90

NOILVIAZG GILVIIAGN! THL
YIHOH HLIM S1INSIY 1S3L ,3INIVA-Y, 40 %

astio.com

l

/’\“ /

ClibPD


http://www.fastio.com/

17

FIGURE

£ fez B k3 i v 8 9 o - 08 00 002 02 00F 03 ol g '
°F T T T[T T[T 11 T T T _ LA R AL E
ol m mo_
oz m Mom
of m mom

2l 17 uoIDIIAdS E
ov | Jov
o5 m .m_.om
09 m 28 — sz_.u_l‘m 09

g 3 €8—5534904d ]

E 8L— NOILYDI4193dS  §
a: INTVAT El
N Ob - TYNI3_— g

- VNI 9t — $S3HO0Hd E

s $S34904d 0€— NOILYDIIJID3dS ]
*°F 1 INFIVAINDT ONVS — 3*°

§ i} 82ZME9 L1O3r0¥d ]

Likze § t § v 8 al os 0s 00! 002 0.2 00% 0z o ) [
$3218 aAdIg SUOIZIN

(NOILNGIYLSIA 9NIAVY9)
(3Sv8 3LvH3YO9V)
Q40234 TVNI4 ANV SS3490dd 3IOVHIAV

ONISSYd LN3D H3d 104

STI0.Com

WAV T a

ClibPDF


http://www.fastio.com/

FIGURE 18

o fz2 A ¥ k. v ) ol os 0% 00l 002 L2 00% 02 ol s

1
F T TTT T I T T [T T T T T [ T i [T T [T [TLATiyry _ S B R R uo
o F mo.
o] m MON
of | mom
° m \\ - , U.. moq
g \ L B 1 .\x\ N— spwnq uo1ypoy193dg 3
" os E \ o . _ : \M\\ m.om
=>4 w
owm R . y L ope 89— TYNId— oo
: - S O »\.x\, . | £.-5534008d___ ]

, T v A/ 09— NOILYDI4193dS 3
02 - : L e L
: S B T2, ATvA- E
08 : \ LY B S &.\\ \ NNI|_<Z_ul||m o8

N YAV VNI Ob — SSIUO0Hd
: . R \‘ —553¥90Md  SZ- NOILVYDI4ID3dS -
o6 £ : , . b —%¢
C Cap et BN IN3IVAIND3 ANVS .
238 T "t B ¢0IM29 123royd n
oot E otk A, | S _ | _ Jool
LhRke & | 3 v g 91 og as 00! 002 042 O0F 032 ol g !

$8215 9A3IS SUOIMW

(NOILNGidiSid ONiGVED)
(3Sv99NS 31voO3HO9V)
ay40234 VNI4 ANV SS3490d4d JOVH3AV

ONISSYd LN3D ¥3d WLOL

(ro.com

ClibPD


http://www.fastio.com/

19

FIGURE

0
ey
o
LY
o

o.. h; v ) 9l 6.4 [8;4] [og0]] 002 Q2 GGk 02 Ol g | o
- _ b I i 11 Pl T I L ; T T " T ]
o f Jo
o2 m moN
o
ov m A mov
: Wi uoNodIf133dg E
os
ol 08— TYNId—Fos
g 64—5S34908d__ 1
2 09— NOILVI14103dS 7
oLt —0L
g 3N 1vA-Y E
o8 ge— TYNId— Jos
: VNI 09— SS3YO0Nd 3
o : SS3IYO0Hd  G2- NOILVOIA103dS 3
: _ INTIVAINOI- ONV 1°¢
pPLMES 103roud E
oot B i | | | 3 oot
L5322 H v ) Y oe 0% ool 002 OLZ OOF 02 o g 1
S3218 aAdIS : SUOAMN

(NOILNGIYL1SIa 9NIAVYI)

(3SVEANS 31vO3IYO9IV)
gyd023Y4 VYNIJ ANV SS3Y90dHd IIOVHUIAV

oNISSYd LN3D ¥3d vLoL

SHO-CEM

YASYAV.VAR £25

ClibPD.


http://www.fastio.com/

	E:\images\000010\00001002.tif
	image 1 of 42
	image 2 of 42
	image 3 of 42
	image 4 of 42
	image 5 of 42
	image 6 of 42
	image 7 of 42
	image 8 of 42
	image 9 of 42
	image 10 of 42
	image 11 of 42
	image 12 of 42
	image 13 of 42
	image 14 of 42
	image 15 of 42
	image 16 of 42
	image 17 of 42
	image 18 of 42
	image 19 of 42
	image 20 of 42
	image 21 of 42
	image 22 of 42
	image 23 of 42
	image 24 of 42
	image 25 of 42
	image 26 of 42
	image 27 of 42
	image 28 of 42
	image 29 of 42
	image 30 of 42
	image 31 of 42
	image 32 of 42
	image 33 of 42
	image 34 of 42
	image 35 of 42
	image 36 of 42
	image 37 of 42
	image 38 of 42
	image 39 of 42
	image 40 of 42
	image 41 of 42
	image 42 of 42




